A protein required for the activation of the lac operon has been extensively purified and partly characterized. This protein, called CGA protein ( 
The phenomenon of catabolite repression in Escherichia coli (1) has led to the delineation of a positive control system sensitive to the intracellular and extracellular level of adenosine cyclic 3': 5'-monophosphate (cAMP) (2) . Recently, a protein called the catabolite gene activator protein (CGA protein) has been shown (3) to stimulate the DNA-directed synthesis of the enzymes of the lac operon, a catabolitesensitive operon. The CGA protein is effective only in the presence of cAMP. Mutants defective in CGA protein can express in vivo neither lac nor other catabolite-sensitive genes (4) , which suggests a common mechanism of activation by CGA protein. Studies with altered promoters of the lac operon show that certain properties of an intact promoter are needed for effective action of CGA protein (5) . Since the action of CGA protein is intimately involved with the promoter part of the operon, it seems likely that CGA protein is involved in the initiation of messenger synthesis from the 
DNA-binding methods
The membrane filter technique developed for lac represor (7) was used with only minor changes. A typical experiment will be described here. Any variations in this basic procedure are indicated in the figure legends. The appropriate volume of CGA protein solution was mixed with 0.05 Mug of Xh80dlac [32P]DNA in a total volume of 1.3 ml that contained buffer IV [10 mM KCl-3 mMI MIg(OAc)2-0.1 mM EDTA-0.1 mM dithiothreitol-50 jig/ml of bovine serum albumin-5% dimethyl sulfoxide-10 mMI Tris * HCl (pH 7.4 at 240C) ]. After incubation at room temperature (about 240C) for 30 min, a time more than adequate to reach equilibrium, 0.4-ml samples were filtered in duplicate through 25-mm nitrocellulose membrane filters (Schleicher and Schuell, B-6). The filtering rate was such that the sample passed through in about 15 sec. The filters were washed two times with 0.4 ml of buffer IV without either bovine serum albumin or dithiothreitol. The data points shown here represent the average of two filters. The filters had been treated with 0.5 M KOH for 30 min at room temperature to help reduce DNA binding in the absence of CGA protein (11) . For most experiments, this background was less than 5% of the total counts filtered (see Fig. 2 ).
[32P]DNA from Xh80dlac was prepared as was described (7) . DNA (7, 9) .
The binding of Xh80dlac DNA as a function of CGA protein concentration is shown in Fig. 2 . Binding occurs in buffer alone, but it is clearly stimulated by cAMP. In the early portion of the curve, when DNA is in excess of CGA protein (see below), five to ten times more DNA is bound in the presence of 3.7 X 10-4 M cAMP than in its absence. cGMP, on the other hand, eliminates DNA binding. The 5'-mononucleotides, AMP and GMP, have no significant effect on the binding curves, even at higher concentrations (6 X 10-4 M).
The dependence of DNA binding on cAMP concentrations was studied at a low weight ratio of CGA protein to DNA, where a marked enhancement of binding is seen. These results are shown in Fig. 3 . Half-maximum binding of DNA to protein occurs at a cAMP concentration of about 2 X 10-5 M.
The dependence of binding on cAMP concentration is quantitatively very similar to the dependence shown by the DNAdirected cell-free system for the synthesis of 0-galactosidase of the lac operon (10) , and is also in agreement with equilibrium dialysis data (3).
cAMP not only increases the amount of DNA-CGA protein complex, but it produces a complex that can be qualitatively distinguished from that formed in its absence. The relevant data are presented in Fig. 4 0), cAMP was present at a concentration of 1.6 X 10-4 M; in the others, (0) and (A), no cATMP was present. Each filter received 0.4 ml, containing [32P]DNA at the concentration indicated. For experiments (0) and (0), the DNA used had a specific activity of 3.4 X 103 cpm/,ug. For experiment (A), the DNA had a specific activity of 1.0 X 105 cpm/,4g, but to facilitate comparison, the data have been normalized to the same specific activity as for the other curves. For each DNA concentration, the DNA retained in the absence of CGA protein was determined and subtracted. Only the binding due to CGA protein is shown. ficient to make it adhere to the filter. In contrast, when no cAMP is present, the binding curve can be explained most simply by assuming that the binding of more than one molecule of CGA protein is required to make a molecule of DNA adhere to the filter. As the amount of DNA is increased, so that there is only one or no molecule of CGA protein bound to each DNA molecule, the DNA no longer adheres to the filter. Certainly the complex formed in the absence of cA.MP is different from that formed when cAMP is present.
Since the curves in Fig. 2 are distinctly sigmoidal, it is worth pointing out that at least two interpretations are consistent with our present data: (a) there is adjacent cooperative binding, or (b) CGA protein reversibly dissociates into subunits, but only oligomeric CGA protein binds to DNA. Additional work will be required to distinguish between these two possibilities.
Only a small fraction of CGA protein is involved in the formation of the DNA complex
The data shown in Fig. 4 Another regulatory protein, the lac repressor, has often shown a similar preferential loss of DNA-binding activity during purification (7) . It thus seems almost certain that the biochemically significant action of cAMP is to stimulate CGA protein complex formation with DNA, and that this leads to both increased mRNA (2) and enzyme induction (3) . It now appears that there are three distinct types of regulatory proteins: Type I includes the DNA-binding repressors such as lac, phage X, and phage 434 (7, 12, 14) . Type II is the a factor, which interacts with RNA polymerase and activates transcription (13) . Type III is CGA protein, an activator that interacts with DNA.
NOTE ADDED IN PROOF
Recent preparations of CGA protein, made with care and and assayed promptly, give linear rather than sigmoidal DNA binding curves and show an almost total dependence on cAMP. However, we are still unable to demonstrate specificity for the lac promoter.
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